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CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a continuation-in-part of co-pending application Serial No. 10/403,395, filed 
March 31, 2003, the entire content of which is incorporated herein. 

FIELD OF THE INVENTION 
The present invention is directed to methods for protecting ribonucleic acids (RNA) 
from degradation by ribonucleases (RNases). Specifically, the invention includes methods for 
protecting RNA from RNases during storage of the RNA as well as methods for protecting 
RNA from RNases present in reagents used in scientific protocols that utilize RNA (such as 
reverse transcriptase-polymerase chain reactions, RT-PCR). The invention further includes 
methods to increase the sensitivity of RT-PCR. 

DESCRIPTION OF PRIOR ART 

Ribonucleic acid (RNA) is an extremely important component of most biological 
systems. Its biologic roles include messenger RNA (mRNA), which carries the genetic code 
from the nucleus; ribosomal RNA (rRNA), which helps to translate the nucleic acid message 
to a polypeptide; and transfer RNA (tRNA), which functions to help decode messenger RNA 
Further, RNAs are beginning to be recognized for a host of other regulatory functions, such 
as small interfering RNA and regulatory ribozymes, which have an enzymatic function. In 
some viruses, RNA carries the core genetic message itself. 

Because of its importance in biological actions, RNA production and degradation are 
heavily regulated in vivo. While DNA is quite stable, an effect of its being a double-stranded 
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molecule, RNA (a single-handed molecule) is extremely susceptible to enzymatic 
degradation. Enrymatic degradation is carried out by a ubiquitous dass of enzymes called 

ribonucleases (RNases). 

RNases are extremely robust enzymes. Unlike most proteins, RNases are very 
difficuh to degrade either by extreme pH or high temperature. There are several theones as 
to why RNases evolved to be so robust. They include protection from the consequences of 
translating degenera* RNA into proteins and regulation of intraceUular RNA In addmon, 

upon cooling (a phenomenon called reversible thermal denaturation) so that denatunng 
RNases via high temperature alone is no, an effective method for protecting RNA from 

RNases at, say, room temperature. 

RNA is an extremely important tool in molecular biology. Due to the presence of 
introns in eukaryotic genomic DNA the genetic message carried in genomic DNA . not 

source for libraries is complementary DNA (cDNA). cDNA is made directly from mRNA 
which has been back-transcribed into DNA. This process require* isolation of mRNA whch 
has gone through the process of intron removal a process commonly referred to as"spbang 
During splicing, the non-translated introns are removed before the RNA is translated mto 
protein By using reverse tmnscriptase in the presence of deoxynudeotide bases (induing 

mRNA, can be synthesized. 

Further replication of the single-stranded DNA transcript using DNA polymerase 
producesadouble-strandedcDNAmoleculehaving.hesequenceof.hen«NA.empla.e.In 

addition, cDNA like genomic DNA is very stable; thus, its utuity for molecular biologtcal 
manipulations is magnified. The cDNA can be used for a variety of purposes, indudmg 
amplification using PCR and the Creadon of cDNA libraries for use in donmg By 
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synthesize cDNA, scientist have been able .0 create synthetic genes whtch, when 
transfecud into an organism, can he direcdy riatsfafed into a foncfiona. protetn. Tfcs 
capability would be impossible using the genomic DNA of a eokaryofe because of .he 

p-Ma «l^ll«-l.|-rt^w•-*« ,,-,l * ,,, ■'* 

for a proper protein to result. 

The synthesis of cDN A is not the only experimental use for RNA- Other uses, such as 

^(*I.^ZN«WW)rWWffl»»)- Btt '* 

are also adversely affected by RNases. Therefore, one important research effort of the las. 
few years has been the development of methods to protect RNA from RNases. In short 
because the need to preserve RNA for analysis has been known for some rime, a number of 
different approaches have beon used for tahibiting RNase activity. The RNase acrivi^ to be 

the RNA or may have bean introduced into the sample from reagents used in processmg .he 
SamP ' e Several methods for inhibiting RNase activity have bean developed. These methods 

use of ribose compounds that preferentially bind to the RNase. 

One method of inhibiting RNase activity involves using the chemical agent 
die.hylpyrocartx.nate (DEPC). DEPC reacts with RNases to inactivafe the enzyme. 
However, .he use of .his fype of chemical entity is no. always convenient or even poss,ble. 
(For example, due to adverse chemical reactions, solutions of Tris and MOPS cannot be 
treated with DEPC .) DEPC reacts with a number of different residues in RNases, leadrng «o 
deactivation of .he RNase enzyme. For example, In RNase A (EC 3.2.27.5), t*o histuhne 
residues (His-12 and Ks-f 19) are key to the catalytic activity of the enzyme. DEPC reacts 
with.heHis-nresidueof^aaeA.oyie.dacartama.e.typebond.thusmaking.hisres.due 

unavailable for reaction with RNA. (Sea Findlay « al. (.96.) M~. .90:7*1-784; and 
Ra i „es(1998)C/ I emi ! ev.9 8 : 1 045-.066.).lnotl««ypesofWa S es,DEPC i n«erfere S «hee- 
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amino groups of lysine and the cruhoxyfic groups of aspartate and glutamate, both intra- and 
inter-molecularly, to deactivate RNase,. Whiie treatment wHh DEPC i, effective, its use . 
very laborious. DEPC is also a suspected carcinogen. 

When using DEPC as protection against RNaaea, reagenta, glassware, dectropho.es* 
equipment, and any other labware fha, may ccme in contact with the RNA is rinsed in 
DEPC-treated water, then incubated a. 37°C for several hours to promote RNaae 
degradation. The treated equipment is then autoclaved for approximately 30 mmutes to 
destroy the DEPC. In addition, RNA solutions are stored in DEPC-treared water to protect 
the RNA during storage. When this method of storing RNA is used, the DEPC needs 
removed from the solution before using the RNA. 

RNase inhibitor proteins were first identified as a protein that inhibited pancreauc 
RNase This family of RNase inhibitor proteins was identified and purified from placental 
extracts (See Blackburn, P. et al. (1977) J. Biol. Chem. 252:5904-5910.) Ageneforan 
RNase inhibitor was subsequently cloned from the placenta, and a recombinant RNase 
inhibitorproteindeveloped. (See, for example, U.S. Patent 5,552,302, to Lewis etal.) These 
inhibitorproteins function mechanisticallybyformingavery strong 1:1 complex between^ 

inhibitor and the RNase. 

The genes encoding the human placental inhibitor, as well as those from pig and rat, 
have been cloned and sequenced. The three-dimensional structures for some of the members 
of the family have also been determined. (See Kobe ft Deisenhofer (1996) "Mechanism of 
ribonuclease inhibition by ribonuclease inhibitor protein based on the crystal sttucture of ns 
complex with ribonuclease A" J- Mol Biol 264(5): 1028- 1043.) Comparisons of .he 

a. (1977) J. Biol. Chem. 252:5904-5910; Burton & Fucci (1982) M J. Pep,. Proiem Res. 
19 372-379 ) The usefulness of these inhibitor proteins in molecular biology applicant has 
resulted in their characterization to some extent. In particular, the human placental form of 
,heinhibi.orproteinhasf^repo rt ed:(t).oinhibi.RNasesof.hef«aseABandCemn.y 
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of enzymes; (2) to be thertnally inactivated at about 55°C in aqueous solution; and (3) to be 

from plan, sources. (See, for exunple, "Expressions 9.3 » a publication of Invitrogen L,f. 

I ^(hB W C^**^W»^ B « 1, * ,,,l,U "' 
See also Ambion, Inc.', (Austin, Texas) product li.erati.re for Amnion's RNase Inhibitor.) 
WhentheRNaseiscomplexedtotheinHbitor.thecomplexdoesnothaveanyKNase^ 

However as reported in the above-noted product literature, the RNase is not permanently 
inactivated by the inhibitor. If the inhibitor is released from the inhibitor-RNase complex, 
under certain conditions the freed RNase will regain its ability to degrade RNA. 

The RNase inhibitor protein from human placenta-either isolated from its nanve 
sourceormadethrough recombinant means-has been available commercially for a number 
of years. During that time, report, have been published ,ha, the inhibitor is ineffeertve m 
preventing RNA degradation in certain molecular biology applications, such as RT-PCR 
Thisisdue,reportedly,tothepoorthemK>^^ 

used in such reactions. In fact, these publications suggest .ha, adding the RNase inhibuor 
would be detrimental <o successful completion of RT-PCR experiment,. In short, the product 
literature suggest, tha, the RNase inhibitor protein as supplied may already have a sigmttant 
fraction of the inhibitor protein complexed to RNase. Further, this RNase would then be 
released in an active form upon heating of a solution containing the RNase inhibuor. The 
literature goes on to infer that the potentially active RNase released may destroy the RNA 
template in the experiments, thus leading to failure in the experiments. 

Due to the difficulty of protecting RNA from RNases, there is a long-felt and unmet 
need for abetter method to protect RNA from RNase degradation, both during storage of the 
RNA and during manipulations of the RNA. The method should be easy to implement and 
should notrcuiretheuse of toxic reagents. The method should yield RNase-prt.tec.ed RNA 
,ha. can be directly used (from one protocol to tire next) without intervening and add.tional 
purification steps and without concern for the enzymatic degradation of the RNA. 
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SUMMARY OF THE INVENTION 
The present inventors have discovered, quite surprisingly, tha, an RNase inhibitor 
protein from a mammalian source (human placenta, rat, etc., native or recombinant) can be 

,„ be highly effective in specific, high-temperature applications, such as RT-PCR and 
quantitative RT-PCR (Joe: these particular chemical reagents, i.e., DTT are no longer 
required - hea, alone vrifi wo*). In particular when heat is added to the RNA inhibitor 
solution combined with a sample suspected of containing RNase, fids results no. only tn the 
Motion of RNase in the reaction, but also results in the lack of release of active RNase 
following treatment of the solution under conditions tha, inactivate the RNase inhtbttor. 

shou.d no, be heated under any conditions (as they win inactive* foe RNase inhibitor and 
potentially release active RNase info foe experin.en.al solution), foe presen, invention ,s ,n 
direc, conflict wifo foe conventional fashion in which placental RNase inhibitor rs used. 

Another unexpected and unpredictable aspect of foe presen. invention is that when foe 
RNase inhibitor solutions of foe presen, invention are heated, the solutions are capable of 

atone While no, being limited to a specific mode of action, this increase in foe range of 
RNases capable of being inactivated apparentiy is foe result of a synergism beween foe 
RNase inhibkor and foe added reagents or hea,. The combination is grea,er foan foe sum of 

foe added reagents separably. The ne, resul, is tttt foe invention described and clarmed 
herein resuhs in foe promotion of RNA from mammalian RNases bo* before and after 
^goffoesoluttor^anda.soprovideapro.ec.tonfromllNasesderivedfrombac.end^ 

plan, sources after gently heating the solution. 

Anofoer unexpected and unpredictable aspect of foe presen, invention is that the 
RNase inhibitor solutions of foe presen, invention are capable of inactivating RNases even 
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^en .he reaction mixtures ere devoid of reducing agents, such as dithiothreito. (DTT). In 
,he prior art, dithiothreitol or reducing agents of sinti.ar functionality are deemed reared 

Cutely required to inactivate RNases using the inhibitors described herem. 

I, is therefore a primary turn and object of ft. invention «o provide a method for 
protecting RNA from RNase degradation. A firs, embodiment of .he invention is .bus 
direcred .o a metitod for pro.ec.ing RNA from enzymatic degradation by RNases. The 

P ro.ein and a buffer .ha, either contains, or is devoid of, reducing agenfs such as DTT. The 
an,™, of RNase inhibitor protein in .he second sofufion is sufficient «o pro.ec, RNA from 
enzymatic degradation by RNases presen. in .he mixutre. Then .he mixtitre is heated to a 
.emperatureno.ess.ban about 50'C for a, ime efficient. oinhibi. RNase activity present ,n 
,he mixutre. In an alfemafive embodimen., .he mboure is hea,ed ,o a .emperature grea.er 

than65°C. , _ . 

in this fashion, RNA presen. in fhe mixmre, or subsequently added to the mtxtitre, ts 

pro «ecteu from enzymatic degradation by RNases in general, and mammafian RNases u, 
particular. If RNA is to be subsequently added to the mixture, the mixture can be heated to at 
least about 90°C. 

The preferred method protects RNA from enzymatic degradationby RNase A RNase 

B RNase C, and RNase I. 

The buffer containing the RNase inhibitor protein can either contain reducmg agents 

or be devoid of reducing agents, such as p-mercaptoethanol or DTT. 

The RNase inhibitor protein is preferably derived from porcine, rat, human placental, 
„ rre combinan,human placcmal sources. Such RNases inhibitors are available commercally, 
such as from Promega Corporation. 



to Ge»er^,^.«v^(20)scco» < U^Co r h i gher i! » 1 ffia«.. (T^npe^of 

J!.*., ds of to, anywhere ton* JtB* is present) <o hours (if RNA is «o be 
subsequently added). 

AsecondemWimon.of.hemventoisdrawn.oame.hodofina^.v^gRNa.esm 
a « solution known * con.aU, RNA and suspected of confining RNases. This second 
embodiment comprises adding to the fits, solution a second sohition comprising an RNase 

yieJd a mixhire, and then hearing the mixture to a temperature of a. least about 50 C for a 

in the firs, solution, if any, being inactivated, ft is prefened the solution be heated 
anywhere from twenty (20) seconds to five (5) minutes. 

A third embodbnen, of rite invention is drawn to a method of storing RNA unde 
conditions that protect the RNA fiom enzymatic degradation by RNases. The thud 
embodiment comprising adding to a firs, soiurion containing isolated RNA o, to- 
isoiated RNA win subsequent., be added, a second sohttion comprising an RNase inhibitor 
protein in a buffer tha, eiriter contains, or is devoid of, reducing agents, to yield a mtxture 
The mixntre is then heated to a teutperature no .ess than about 70°C for a rime sufficient ,„ 
inhibit RNase activity present in the ntore; and then the mbaure is coo.ed and stoted ■„ a 
suitable container. 

Ye, another embodiment of the invention is dbeoted to a medrod of performing RT- 
PCR and quantitative RT-PCR. This fourth embodiment of.be invention compnses fir* 

( 0 r,„w W chRNAw i . 1S ubse,ue„..yb,added)anamoun.ofas„.u«oncompn S mganRNa« 
inhibitor protein in a buffer ft* either contains, or is devoid of, reducing agents, to yte. a 
mbtture The amount of the solution added is sufficient to protect any RNA present tn the 
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reaction is then conduct on the mixtirre, whereby RNA in the rnixnrre is protected from 
e^ati c degradation by RNases present a. .he RT-PCR reaction cocatad and ,s also 

throughoot the RT-PCR reaction. 

^e so.ution is then heated to a, least about 50»C for a time sufficient ,o rnhrbr. RNase 

RNAmtheRNAmtoeisproteotedf^ 

the RT-PCR reaction. 

A stin anther etnbodimen. of.be invention is directed to a m«hod of novating 

ei.be, contains, or is devoid of reducing agents, .o yieid a mixture; and then hea.rng.be 
^ to ,.en,pe^of...«>s.*ou.70-C f br. n mesu ffi d«.«oinMbi.im^I^ 

U any of .he embodiments disdosed herein, the RNase inhibitor protem used ■„ tire 
ra e,bod can he derived from porcine, r* human p.acental or reeembman, human piacenta, 



sources. 



Theobjeetsandadvan.agesof.bemveotionwi.Upp^morefunyfromrhefbUowmg 
de.ar.ed description of.be prefced embodiment of.be invention made in conjunction wrrh 
the accompanying figures. 
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BRIEF DESCRIPTION OF THE FIGURES 
Fig , isapho.ographof.ge.—g^onofbovinepanorea.icRN^usb.g 

RNase inhibitor protein in . RT-PCR protocol See Examp.e . for lane 

T 2 is a photograph of a ge. Umstraring protection of mRNA in quantise RT- 
PCR using rat-derived RNase inhibitor protein. See Example 2 for tan. assignment. 

Fig 3 is a photograph of a ge. dhrsfrating protection of mRNA in quanntauve M- 

p^iaahistogramsho^g.heresuitsof.su.is.ic-andyrisofhanddens.^rd, 
p^uctaofheRT-PCRreactionsdescrihedExamp^and shown in the gels of F,gs. 2 and 

3 Fig Sisaschematicshovringofthe^ofaplateassayindicatingthedigestionrf 
^ovRNase.Theassaycomprisesanagarp.a.e.oaded with agar mixed 

around the affected wells. See Example 3. 

FigSshowstheresuhsofaplateassaytoexaminemeeffeaofhearingRNaseonure 

^ Fig 7 is a photograph of a gel Ulustrating protection of mRNA from degradation by 
RNasederivedfromwheatgerminanRT-PCRexperiment. SeeExamp^ 

FigSisaphotographofageilustraringproteetionofmRNAfromdegradanonby 

RNase derived from wheat germ in an RT-PCR experiment. See Example 6. 



-10- 



DETAILED DESCRIPTION OF THE INVENTION 
Thepresen.^en.bnisd^ectedtome.hodsforpro^nglWAfi-omdegrad.taby 

RNases. The invention is farther directed to methods of storing RNA in an RNase activity- 

free stock solution. 

Abbreviations and Definitions: 

As used herein, the term "reducing agent" means any reducing agent, wrthout 

limitation, including dithiothreitol and mercaptoethanol. 

As used herein, the term "RNA" expressly denotes RNA from any source wrthout 
ligation, including prokaryotic RNA eukaryotic RNA mitochondrial RNA and RNA 
derived from transcription reactions. 

As used herein, the unqualified term "RNase" expressly denotes RNase from any 

source ^l^*^."^-"^^^™"?"'" 
most organisms and in many organs and body fluid,. Examp.es of RNases include (wthou, 
■imitation) RNases A, B, and C (mammalian, e.g., bovine pancreatic), RNase 1 (e.g., human 
pan^ticXRNaseZWhn^^ 

RNase4 and RNaaeS.as well as the bacteria. RNases I, n, IH, P, PH, R. D, T, BN, E, and 
M, among others. All share the primary activity of degrading RNA. For a more extenstve 
„ isC ussionofR*ase* see, for example, 

Functions," Academic Press, Ne» York (.997); Sorrentino * Libonati (.997) "Stnrcture- 
Function Relationships in Human Ribonucleases: Main Distinctive Features of the Major 
RNases," FEES Le«ers 404.1-5; and Nicholson (1999) "Function, Mechanism, and 
Regulation of Bacteria. Ribonucleases," FEMS Microbiol. Rev. 23:371-390. 

As used herein, the terms "RNase inhibitor protein" or "RNase inhibitor" denotes a 

proteins for use in the present invention are those manufactured by Promega Corporate 
Madison, Wisconsin. Promega markets RNase inhibitor proteins derived from human 
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« 4 ^TO**rM--lW-'**-<^ TrademarltRegistrationNo. WW 
For additional information on the RNasin-brand RNase - Blackburn* Moo. 
(1982 ) to: 7*e Enzymes, Vo.. XV, Pari B; Blackburn, Wilson, * Moore, (.977) 7. A* 
L.252:5904;I«e t d.( 1 989)i» to *^ M :2.9;I-«-.(^)»^^»- 
225 See also U.S. Pat. Nos. 4,966,964; 5,019,556; and 5,266,687. 

Another preferred RNase inhibitor protein for use in the preset,, invention ,s 
designed herein as ■■RNasin-P.us"™ RNase inhibitor. This RNase " 

Coning of this protein, see Kawanotnoto et a.. (1992), « A* 5 ' 

338 which discusses the cDNA Coning and sequence of ra, ribonuclease inhmnor tsolated 
from a ra, lung cDNA library. This protein can be purchased comment ~ 
Corporation, Madison, Wisconsin. The cloned RNA encoding this rat-denved RN*e 
inhibi , 0 r is also available commercially from OriGene Technologies, too (Rockvdle, 

"^invention described herein is suitable for use in a varied of mo.eco.ar biological 
protocols that use or retire RNA. For an overview of a host of such protocols, see "RNA 
Methodologies, Second Edition," E. Farrell, Jr., editor, Academic Press, 1998. 
The following primers where used in the Examples'. 

F-CGCCCCCTCGGAG (SEQ. ID. NO: 1): Unerase RT-PCR reverse pnmer 
F-GAAAGGCCCGG (SEQ. ID. NO: 2): Forward luc RT-PCR 
F-GGGATCCTCTAGAGTCGCCA (SEQ. ID. NO. 3): downstream Kan RT-PCR 
F-TTGGGCGTGTCTCAAAATCT (SEQ. ID. NO: 4). upstream Kan RT-PCR 2 
HO-C«XCCCTCGGAG (SEQ. ID. NO: 5): Luciferase RT-PCR reverse primer 
HO-GAAAGGCCCGG (SEQ. ID. NO: 6): Fonvard primer luc RT-PCR 
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ta an exemplary version of .he ins- invention, . firs, soiuuon containing RNA ts 
protected again, degradation b, RNases by adding to it a second so,rion cc— gan 

present in the buffer, DTT is preferred. b a patticuiat-y preferred e.bodune* .he buf*r 

N aC buUsdevoidofreducingagen,*. Another preferred buffer comprises 20 mM HEPES 
KOH (pH 7.6), 50 ntM KO, -d 50% (v/v) *«* but is devoid of reducing agents. 

50X, preferabiy to at ,ea, about TOT, for a ,ime sufficient to inactivate RNases, generahy 

etev .,ed .cultures v* to some extent, depend upon rhe protocol being unde*ah» 

*— - ,an ~ d ; 

may be heated for ,0 minu.es or honger a. temperatures a, leas, as high - 90 C. Th* 

A distinct advance of mis approach is that the RNA in the solution ,s protected 
TO asesforanex^e4periodof„™e^houtfearofreversib,edenaU,ra«on 

The RNase inhibitors tba, c*n be used in the invention mciude, tvuhou, nm«*,o„ 
porcine RNase inhibitor, rat RNase inhibitor, human placenta. RNase inhibitor, and 
porcine ru There are several commercial suppliers 

recombinant RNase inhibitor This list » exemplary. Thereareseve 

of RNase inhibitor, including Promega Corporation. 

Another embodiment of the invention is a method of protecting RNA from RNases 
outing storage ,n this embodiment the solution containing RNA can be storing 

b, RNases. To protect the RNA - «*- inhibitor, such as W brand inhibitor, 
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adder, * the RNA^ining sohstion, in .he presence or absence of retiucmg .gen* Tta 
^.henplacadinasuittb 

faMonge, > 90 days) a. room temperate, yet- be protected ftomRNa.es. Ad,*** 
ri^Iage oftMs endwdiment is that the treated RNA solution does not have to be placed in 

*-«*-• Thoaeofshalin^^wnlnnders^nd^ooia 

Th! invention also comprises a method to protect RNA dunng chemrc, -d 
e^e reactions in genera, and, in particular, during RT-PCR-based protocols^ * *. 
eXdimen, of the invention, .he RNA may have been isolated prevously and may h ve 
a^ead, been protected from RNases by the disclosed invention. However, hose of stall m 
IT J w* LgnJze .ha. adding any reagent to an RNA-containing solution nshs 

^^onn^ebeforetitefirs.re.tions^iaperfbaned. 

„ thereby protected from delation by RNase during .he thermocychng step a d 
anrpr^y in a« atbser.uen, thermocydes. ,n a particular,, f~J~££ 

Furth er, the reaction mixture may be heater, prior .o addition of .he RNA assunng ,he 

by native mammalian or recombinan, RNase inhibitors. A synergistic effect has been 
Lvered in the combination of an RNase infcbitor protein, and heat, the combmatron 

I » invention, RNase , which is produced by promotes m genera,, and K «*- 
parties, are inhibited. ,n this embodiment, as in the earner embodiments, an RNase 
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^d soiution. The second soiution is then heated .0 a, .east about 70 C for a t,m 
Lfficien. .0 inacrivate ,he KNase .. The pro^otic RNasea are thus rnacvated by the 
trea.meat.andRNAeanbe.tdeeti^thoutfearofdegradauon. 

Whiie the above medtods for taM. - P-—» ™ A ^ 

„eated for an e«ended period of time a, te.peran.rea of a, .east aa h.gh as 90 C 

RNAin.hesolution.Mo.eover.afterheatingthernixU.reata.ernperature 

70X the RNases are inactivated and the RNA Is safe from KN.se degradat,on for an 

extended period of time (/.a. , at least an hour or more), a. room temperature. 

EXAMPLES 

ThefoUovringExamp.esareine.udedsoWy.oprovideamorecompteteunde^hrg 
fashion, 

« Inactivation of RNase in « Liver Lysate by Promega's "RN.sin-P.-s"- 
Brand RNase Inhibitor: ^"RNasin 

w «.««h-ir«^-**- , * ,|,, '»" , " ,n,M 

was purposefully added to the reactions. 
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Materials: ^^.v 

•UW. Plus-W RNase inhibitor-: 40 .** (PromegaR * N26. L, # .65682) 
Acces S Quick™RT-PCR System (Promega R* A1703 Lt # 158304) 

. • W asin rat-derived KNase inhibitor can be purchased commerc* 

from Promega. 

titled (200) HI of botb the "RNasin Plus»-brand inhibitor and the ra, .iver 
Ivsate were heated in separate tubes for 15 minutes at WC. 

" I foBowins reactions were then assemb,ed in duplicate without the add„,on of 
mRNA: 



Table 1: 
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ta Reaction Nos. 4, 5, and 6, the RNase inhibitor and the rat Uver lysate were heated 
^ery^.hencon^ned.Inl^nNo.T.fteRN^inhn.itorandU.ra.^^ 

were combined and then heated. 

Reaction No. 7 was assembled using non-heat treated lysate and non-heat treated 

RNase inhibitor and then incubated at 70°C for 15 minutes. 

One (1) ul of 0.1 mg/ml luciferase mRNA (100 ng) was added to the first set of 

reactions. 

One (1) Hi of O.Olmg/ml luciferase mRNA (10ng) was added to the second set of 
reaction, That is, the second set ofreactions included a 10-fold reduction in the amount of 
mRNA template as compared to the first set ofreactions. 

The reactions were then incubated for 1 hour at 37°C. 

During the incubation, an RT-PCR master mix was assembled on ice usmg 
components available from Promega Corp., as follows: 

250 ul Access Quick 2x Master Mix 
220 ul Nuclease-free Water 

10 ul Luciferase Upstream primer, Promega Part No_20247 (1 uM) 
10 ^1 Luciferase Downstream primer Promega Part No. 20818 (15 uM) 
10 ul AMV-RT (5 units/ul) 
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Aftwal hour ta ba,>on M 37X(a^pera«u re des i g„ed,c«en g e.h.^o n ; 
3 rC being an opumun, tempore for RNase activity), *• reactions «« ~ 

w Les on ice. Five (5) - of each reaction was the, added to tne n^stet nnx. » 
Lions were piaced „ a PB 9600 thennocycier (PerKnEUner Corpota.,0, SMto, 
Connecticut) and cycled as follows: 

48 °C 45 minutes 1 cycle 

96 o C 2 minutes 1 cycle 

94°C 15 seconds 

65°C->55°C 1 minute 20 cycles 
72°C 1-5 minutes 

72°c 5 minutes 1 cycle 

40Q Soak 

Fift een(15)ulofeachRT-PCRreactionwasthenloadedontoalo/o TO ^ 

with ethidium bromide staining and run for 1 hour at 80V. 

TheresultsareshowninFig. 1. The lane descriptions are as follows: 

LaneNos. 1 through 8 contain 100 ng mRNA. 
Lane Nos. 1 1 through 18 contain 10 ng mRNA. 
LaneNos. 9 and 10 are blanks. 



Lane No, 



1 . 200 b.p. DNA Step Ladder 

2. RNasin Plus Only (-) 

3. Lysate Only (-) 

4. RNasin (-) + Lysate (-) 

5. RNasin (+) + Lysate (-) 

6 RNasin (-) + Lysate (+) 

7 RNasin (+) + lysate (+) heated separately 
g'. RNasin (+) + lysate (+) heated together 
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11. 200 b.p.DNA Step Ladder 

12. RNasin Plus Only (-) 

13. LysateOnly(-) 

14. RNasin (-) + Lysate (-) 
15 RNasin (+) + Lysate (-) 
16. RNasin (-) + Lysate (+) 

17 RNasin (+) + lysate (+) heated separately 
18. RNasin (+) + lysate (+) heated together 

(-) = Non heated sample 
(+) = Heated sample 

,7 .here is a complete lack of RT-PCR product. In contrast, in each of lan« X 4, ^ 
^he.eenthe^i.or.theRNase.andheatin, hF ^,----^ 

total failure of RT-PCR. But, as evidenced by lanes 8 ana N „ talsottatill 
5 and .5 (where ,he inhibitor is heated, bu. the lysate is no,), and n, lanes 7 and 17 

karate effects of the inhibitor, the buffer solution, and heat. 

— 'rs— — — := 

KNase inhibitor is used in qualitative RT-PCR experiments wheretn ra, hver RNase 
purposefully added to the reaction. 
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Materials: 1A0T701QO 
Lucifer mRNA: 0. . mg/m. in nanopure wares (Pro m ega W M56A, L. # 4937^) 

. RNasta P 1 u^b^in W b i ,o,40u» i ^(Promeg a P.*N26,,U#.656S2 
Recombnw,, "RNasnV-brand InhibHor: 40 units/* (Promega P. * MSI. L« * 1 52734) 
AcoessQuic^RT-PCR Sys,«n (Promega P. » AH03 U f 158304) 
Experimental: 

T„ e Mowing reactions were assembled withon, .he addition of mRNA: 



Table 3: 
Rat RNase Inhibitor (Fig. 2): 
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Table 4: 
Human RNase Inhibitor (Fig. 3) 




The reactions were incubated for 5 minutes at room temperature. 

Luciferace mRNA, 2.5 ,1 of 0, mg/ml, (250 ng total) and 2 ul of 0.005 mg/ml 
kanamycin mRNA (10 ng) were then added to each reaction. 

The reactions were incubated at 37°C for 5 minutes. 

An RT-PCR master mix was assembled on ice as 
from Promega Corp.: 



follows, using components available 



250 ul Access Quick 2x Master Mix 

200 ^INuclease-Free Water 

10 ul Luciferase Upstream pnmer # 20939 £ 5 uM) 

10 ul Luciferase Downstream pnmer # 20979 (15 uM) 

10 ill Kanamycin Downstream pnmer # 20937 (15 uM) 
10 ul AMV-RT (5 units/ul) 
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Fony-five (45 p.) of .he RT-PCR master mix was dispensed to. MicroAmp-brand 

^.weUtobesonice. to.®**-*-*™*"****"""* * 
reactions were placed in U,e PE 9600 ftermoeyder and eyded « foUows: 



4g»C 45 minutes 1 cycle 

96<>C 2 minutes 1 cycle 

94°C 15 seconds 

65°C->55°C 1 minute 12 cycles 
72°C 1.5 minutes 

72°c 5 minutes 1 cycle 

Soak 



4°C ooait 

Twen V (20),iofeachRT-PCRre M «ionwas,hen 1 oadedo„.oa.% TO Ea g aro S ege 1 
with ethidium bromide staining and run for 1 honr at 80V. 



Results. . _ i <.«<! a 

The results are shown in Figs. 2, 3, ana 

Figs. 2 (rat) and 3 (human) - Lane Nos: 

1 200 bp DNA Step Ladder 

2 No template Control 

3' No Lysate/ no RNasin- Full product 

4. No Lysate - Full product 

5. No Lysate -Full product 

6. No Lysate - Full product 

7. + Lysate/ no RNasin 

8. + Lysate / no RNasin 

9. + Lysate / no RNasin 

10. + Lysate + RNasin 

11. + Lysate + RNasin 

12. + Lysate + RNasin 



Quantitation of me band mtensities in Fig. 2 and Fig. 3 was performed using 
«,„ m e^ m d^^oo™^( U pperband,6Kb).o»prod 0 c, 
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(lower band 1 .2 Kb) were determined. The ratios were then averaged over n = 3 : 
Table 5: 





top 


Bottom 


ratio 


Average 


SD 














2 (+ control) 


213875 


429975 


0.4974 


0.5696 


0.0867 


3 (+ control) 


207031 


394050 


0.5253 






4 (+ control) 


208742 


301035 


0.6934 






5 (+ control) 


205821 


365820 


0.5626 






6 (lysate) 


223445 


302907 


0.7377 


0.7467 


0.0584 


7 (lysate) 


228114 


267729 


0.8520 






8 (lysate) 


236778 


305877 


0.7740 






9 (RNasin) 


239481 


368160 


0.6504 


0.6036 


0.0701 


10 (RNasin) 


242121 


462849 


0.5231 






11 (RNasin) 


245322 


384800 


0.6375 







Table 6: 





AVG 


SD 


Control 


0.5696 


0.0867 








Lysate-treated 


0.7467 


L 0.0584 








Lysate + RNasin 


0.6036 


0.0701 









A two-tailed t-test was then performed assuming unequal variances. The results were 
as follows: 
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Table 7: 

Lysate / Control 

t-Test: Two-Sample Assuming Unequal Variances. 




Mean 

Variance 

Observations 

Hypothesized Mean Difference 

Df 
tStat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



Lysate_ 

0.7879 
0.00341103 
3 
0 
5 

3.973485473 
0.005299643 
2.015049176 
0.010599285 
2.570577635 



0.569675 
0.007516916 
4 



Table 8: 
Lysate / RNasin 

t-Test: Two-Sample Assuming Unequal Variances. 




Mean 

Variance 

Observations 

Hypothesized Mean Difference 

Df 
tStat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



Lysate_ 

0.7879 
0.00341103 
3 
0 
4 

3.498197957 
0.012468416 
2.131846486 
0.024936833 
2.776450856 



RNasin 
0.603666667 
0.004909843 
3 
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Mean 
Variance 
Observations 

Hypothesized Mean Difference 

Df 
tStat 

P(T<=t) one-tail 
t Critical one-tail 
P(T<=t) two-tail 
t Critical two-tail 



0.603666667 
0.004909843 
3 
0 

5 

0.573267997 
0.295640794 
2.015049176 
0.591281587 
2.570577635 



For lysate-treated and Full product control, p < 0.05, a significant difference. 
For lysates-treated and RNasin-protected, p < 0.05, a significant difference. 
For control Full-product and RNasin-protected, p > 0.05, an insignificant difference. 
These results are presented graphically in Fig. 4. 

This Example shows that there is a significant difference between the lysate-treated 
samples and the control samples and between the lysate-treated samples and the RNasm- 
treated sample, There is no significant difference between the control samples and the 
KNasin-treated sample, In short, there is no difference in the yield of RT-PCR product 
obtained in the reactions where the inhibitor is added to lysate, but there is a sigmficant 
difference in the yield of product when no inhibitor is added to the lysate. 

Example 3: Effect of Heating RNase in Presence of RNase Inhibitor: 

The Example illustrates the effect of heating the RNase in the presence of RNase 
inhibitor The experiment was conducted as follows: Agar was mixed with RNA and a pH 
indicator, ToluidineBlue-O. Specifically, 1.5% LB agar with 0.2% yeast RNA (pH 7.0) was 
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mixed wHh 0.005% Toluidiue BluoO. The yeast RNA was purchased from Boehnnger- 
Mannheim(ca.a.ogn„. .09-223). ToluidineBlue* was purchased from Sigma (catalogs 
T3260) TheagarwaspouredmapetridishaudauowedtosolidifV. RNase degradauon of 
RNA rde^s the nudeoudes, thereby dee^g the 

pink. 

Three solutions were assembled in duplicate in 0.5 ml microfage tubes. The 
compositions were as follows: 
Table 10: 



Component 
Water 



RNase + HR 



RNase + RR 




Rat RNasin 
(40 U/ul 



^RNase A without DTT was prepared in a butter contmr dniRibon^ase A (Sigma 
*S£T 2olZ HEPES-KOH (pH 7.6), 50 mM KCl, and SO'/o glycerol. 

One of the duplicate solutions was heated at 70X for 5 min, and then allowed to cool 
to room temperature. The other ofthe duplicate solutions was kept at room temperature the 
entire time. 

The dish was gridded and wells were cored into the gel for loading the drfferem 
samples. Samples of these solutions were then placed in the wells cored into the agar plate. 
The plate was then incubated at 37°C for 30 minutes. As shown in Fig. 5. the top half of the 
plate comprises samp.es which were heateo. while .he bottom half comprises samples whtch 
were not heated The heated samples were, from top to bottom. RNase ..one; RNase plus 
humanWaseinHbitor.andWa^^ 

heated samp.es are in the same order. From .eft to right, the lanes show the samples were 
added in volumes of 2 p., 2 p., 5 pi, 5 pi, 10 p., and 10 pi, respectively. 
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The results of the experiment show .ha, for both «he heated and unheated rows 

— RNase and human RNaae inhibitor and derived RNase inhibdor, rinere ,s no 
Wo, induing ft* .here is no degrade of RHA. For .he rows con-ng RN- - 

weak halo around an the cores, Wearing that eve, for non-heat-treated samples, the 
p^ion of RNA hy RNase mhibiror is no. c„mple.e. In contrast, there is complete 
taMbWon for .he hea.-uea.ed samples even a, high volumes of added RNase. 

EM „p.e 4: RNA Degradation B, RN.se in Pmenee of Inhibitor, Heated * N.n- 

This Example was performed to examine fte breakdown of RNA by RNase in the 
p^uee of RNase inhibitor and buffer with and without hearing. The experiment was 

a pH indicator. TU 
Five solutions were assembled in duplicate in 0.5ml microftge tube, The 

compositions were. 



Table 11: 

Component RNase Alone* 



RNase+RNasin RNase+SB** 



RNase+Buffer B*** No RNase 
(control) 




DTT 
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u ~* m°C for 5 min. cooled to 4°C, and then 
One set of the duplicates was heated at 70 C for 5 nun, co 

.lowed ,o come to room tempore The other - of duphc-ee - 

^perahrremeentheume. Samp.es, ,0,*-*-*-— 

The p,a,es were loaded identic*, with the exception that the p...e on the .eft w* 
Lse + 'RNasin" RNase inhibitor in Protege Storage Buffer; RNase .storage buff. 

: KHase occurs in the presence of the inhibitor on,, For the heated — ~£ 
^nofL^roonr^^h^.enrpe^re.n^r^ 
buffer must be added while the mix is being prepared a. room temperature. 

Example 5: Inhibition of Whea. Germ RNases with Rat RNasin: 

The purpose of this Example is to daermin. whemer pre-hea,ed ra, RNasm ,s an 
effective inhibitor of the RNases present in wheat gem extract. 
Materials: 

Wheat Germ Extract (Promega Pt# L481A, Lt# 12204104) 
RNasin Plus: 40 units/ul (Promega Pt# N261, Ltf 165682) 
Luciferase mRNA: 1 mg/ml (Promega Pt# L456A Lt # 14937403) 
AccessQuick™RT-PCR System (Promega Pt# A1703, Lt# 158304) 
Experimental: 

The following reactions were assembled without addition of lucnerase mRNA. 
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ReactionNos. 1 through 4 were kept a, ™m,empera.ure. ReactionNos Sthrough 
7 were heated a« 70-C for .5 minu.es and then allowed to cool to room temperature. 

One (1) pi 0 W5) of l"*- mRNA was then added to the reactions as md.ca.ed. 

The reactions were men incubated a. 37°C for 60 minu.es. 

An RT-PCR maaer mix was assembled on ice as follows, using component available 

from Promega Corp.. 

250 ul Access Quick 2x Master Mix 
220 ul Nuclease Free Water 

10 Luciferase Upstream pnmer, Promega Pt. #2024 ' 0* gfl 
10 ul Luciferase Downstream primer, Promega Pt. # 20818 (15 umj 
10 ul AMV-RT (5 units/ui) 

Forty-five(45) ul ofthe RT-PCR master mix was dispensed into «MicroAmp»-brand 
stri p-welltubesonice. Five (5) ul of each reaction was then added to the master nux. The 
reactions were placed in the PE 9600 thermocycler and cycled as follows: 



48°C 
96°C 



45 minutes 
2 minutes 



1 cycle 
1 cycle 



94°C 15 seconds 

65°C->55°C 1 minute 20 cycles 
72°c 1.5 minutes 
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72°C 5 minutes 1 cycle 

40c Soak 

Fifteen(15)^ofeachRT-PCRreactionwasthenloade4onto 

with ethidium bromide staining and run for 1 hour at 80V. 

The results are shown in Fig. 7 (WGE = wheat germ extract): 

Lane#1 -200,,DNAStepL,dder 5- WGE ++ RNasm g ^ ^ ^ 

2 - No template 7 . WGE + RNasin @ 70X (10 ul) 

3 - Full Product + @ ?0 o C (5 uJ) 

4 - RNasin Only/ No WGE 0 

This Example demonstrates that heat-treated rat RNasin is inhibiting some of the 
of Fig. 7 and compare to lanes 6, 7, and 8. 

Example 6: Mere Inhibition of Wheat Gem. RNases with Rat RNasin: 

The purpose of this Example, like that of Example 4, was to determine whether pre- 
heated m RNasin is an effective inhibitor of the RNases present in wheat gem, extract 

DTT (to assess the effects of DTT on the reactions). 
Materials: 

Wheat Germ Extract (Promega Pt# L481 A Lt# 12204104) 
RNasin Plus: 40 units/ul (Promega Pt# N261 Lt# 165682) 
LuciferasemRNA: 1 mg/ml (Promega Pt#L456 A Lt# 14937403) 
AccessQuick™RT-PCR System (Promega Pt# A1703 Lt# 158304) 
RNasin Storage Buffer (Promega Pt # BN251 Lt# 147681) 
RNasin Storage Buffer plus DTT: 

20 mM HEPES-KOH, pH 7.6 
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50mMKCl 
8 mMDTT 
50% glycerol 



Experimental: 

The following reactions were 
Table 12: 



assembled without addition of luciferase mRNA: 




Reaction Nos. 1 through 4, 6, 10, and 12 were kept at room temperature. Reaction 
No, 5 ,7, 8, 9, 11, 13, and 15 were heated at 70°C for 15 minutes and then allowed to cool 

to room temperature. 

One (1) ul (1 ug) of luciferase mRNA was then added to the reactions as mdicated. 

The reactions were then incubated at 37°C for 60 minutes. 
An RT-PCR master mix was assembled on ice as follows: 
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250 id Access Quick 2x Master Mix 

220 pi Nuclease Free Water 

10 |U LuciferaseUpstreamp^ 

10 pi Luciferase Downstream primer Promega Pt. # 20818 (15 umj 
10 pi AMV-RT (5 units/ul) 

Fo rty-five(45)plof^ 
strip-well tubes on ice. Five (5) uJ of each reaction was then added to the master nux. The 
reactions were placed in the PE 9600 thermocycler and cycled as follows. 

48°C 45 minutes 1 cycle 

96°C 2 minutes 1 cycle 

94°C 15 seconds 

65°C -> 55°C 1 minute 20 cycles 

72°c 1.5 minutes 

72°C 5 minutes 1 cycle 

4°C Soak 

with ethidium bromide staining and run for 1 hour at 80V. 
The results are shown in Fig. 8. 

Lane # 1 - 200 b.p. DNA Step Ladder 

2 - No template 

3 - Full Product 

4 - RNasin Only/ No WGE 

5 - WGE RT Only / No RNasin 

6 - WGE 70°C Only / No RNasin 

7 - WGE RT + RNasin RT 

8 - WGE 70°C + RNasin 70°C (20 pi) 

9 - WGE 70°C + RNasin 70°C (10 pi) 

10 - WGE 70°C + RNasin 70°C (5 pi) 

1 1 - WGE RT + Storage Buffer w/ DTTRT 

12 - WGE 70°C + Storage Buffer w/ DTT 70 L, 
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13 - WGE 70°C + Storage Buffer no DTT 70°C 

14 - WGE RT + Storage Buffer w/ DTT RT 

NB: Reaction No, 12 and 13, in lanes 13 and 14, were accidentally inverted upon 

loading the gel. u,uv, n a 
AsinExampleS.this Example shows.hat the present inventions capable of mlubnang 

the whe* gem, extra* RNases, but no, completely. Specificauy, compare the amount of 
produotob^inedinlaneVvs lanesSthroughlO. Also, . imeresung observation fromlanes 
„ through .4: Storage Buffer with or without DTT is capable of providing some protection 

inhibitory effect seen by the combination of ratRNasin, Storage Buffer, DTT, and heat. 

Example 7: RNase Inhibition Without DTT: 

I„ this Example, inhibition of RNase 1, an RNase from £ «,//, (Promega Cat 

storage buffer with 8 mM DTT); and (2) RNasin-brand RNase inhibitor in storage buffer 

^Dn,l**i^-'«W-'-^» n,D,, *' W-i *" 
without DTT was purified and stored in buffers that never contained reducing agent, 
particularly DTT. This inhibitor was then incubated with RNase 1 in the absence of DTT and 
other reducing agents. The RNase I was surprising,, inhibited by the solution lacking DTT 

Mus-brand inhibitor under such conditions proves that DTT is no, absolutely reared for 
RNasin-type inhibitors to inhibit an RNase from £. coll. 

ta addition, solutions of RNase A (Sigma Cat. #R4875) and RNase B (ICN 
Biomedicals, Cat. #101084) containing RNasin Plus-brand inhibitor were constructed and 
heated to various temperatures and then tested for RNase activity. In these reacttons, no 
RNase activity was seen upon heating of the RNasertWase inhibitor solutions. In short 
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Theseresults demonstrate that under the stated conditions, RNasin Plus-type inhfeta 
or without DTT, can completely inhibit these RNases (RNase I, RNase A, RNase B). 
Moreover these results show that inhibition is not dependent upon the presence of DTT. 

Solutions of RNase I were obtained from Promega Corporation (Cat. #M4261). 
RNasin Plus-brand inhibitor was also obtained from Promega (Cat. #N26 1, with 8mm DTT) 
in storage buffer. Solutions of RNase A (Sigma Cat. #R4875) and RNase B (ICN 
Biomedicals, Cat. #101084) were purchased, and prepared in storage buffer wrthout DTT, at 
1 00 ng/ul RNasin Plus-brand inhibitor without DTT was purified by RNase A affinrty resm 
according to the method of Blackburn (1979) J. Bio. Chem. 254(24): 12484-12487, except 
without DTT or any other reducing agents in any of the solutions used during punficat.on. 



100 ul): 



Seven replicate solutions were produced according to Table 1 3 (adding water to 




One set of each ofthese tubes was heated for 1 minute using heating temperatures of: 
50»C 60«C 65°C 70°C,80°C,90»Cand99.9X. The solutions were then cooled to 4°C and 
8 ul from each sample were transferred to wells in an RNase detection plate as described in 
the earlier Example, The plate was then incubated at37'C as described in earlier, and then 
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reaaf „ r RHaseactiv i .y. MW^«^«^-««^*"" 
of the zone of RNase activity detected on .heRNase detection p.ate wHh the 0% tnhtbmon 
v*. Uken as that seen in «te soUnion incnbated at .ha. temperature bu. in .he absence of 

RNase inhibitor. 
Table 14: 




hasitniiarexpentnenUheantoumofRNastaPlus-brand inhibitor wi.hou.DTT- 
ilKreaS ed ,0-fold (10X). Under .hese conditions, RNase , was inhibited by .00% a. 58 G 
I, is understood .ha, .he invention is no. confined .o .he particnlar consrruCon and 
axemen, of parts herein Uius.ra.ed and described, bu. embraces such modified forms 
thereof as come within the scope of the following claims. 
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